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ABSTRACT  I 


Experimental  results  are  given  for  the  effects  of  shock  wave  in¬ 
duced  interior  flows  on  saal 1  objects  placed  inside  a  l/12th  scale  base¬ 
ment  shelter.  Pressure -tine  records  and  high  speed  photographs  of  the 
internal  air  flows  created  by  exposure  to  outside  shock  overpressures 
of  S,  10  and  20  psi  are  presented.  Flows  down  the  inside  stairway  into 
the  nodel  were  found  to  create  a  large  scale  circular  isotion  around  the 
room.  Cross-the-floor  conponents  of  velocity  caused  by  these  flows  are 
given  for  the  notion  of  the  various  objects  placed  inside  the  nodel. 
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I .  INTRODUCTION 

Initial  results  obtained  from  a  l/12th  scale  model  of  a  basement 
shelter  were  reported  from  a  study  of  the  interior  blast  created  flows 
obtained  from  the  BRL  24-inch  Shock  Tube.  The  experiments  were  designed 
to  simulate  the  flows  and  loading  wrthin  a  100  person  basement  shelter 
when  the  above-ground  floors  have  been  lemoved  by  the  incoming  blast 
wave. 

Earlier  results  obtained  by  a  smoke  tracer  method  from  two- 
dimensional  models  indicated  downward  directed  flows  from  the  entrance. 
These  results  tend  to  be  verified  by  the  pressure-time  records  obtained 
from  the  present  three-dimensional  l/12th  scale  model.  In  addition, 
low  pressure  vortex  regions  were  measured  from  positions  near  the  open 
stairway  within  the  model. 

A  second  phase  of  the  experiments  consisted  of  photographing  with 
a  high  speed  camera  the  flow-induced  motion  of  linear  scaled  (l/12th) 

OCD  survival  packages  placed  within  the  basement  model.  The  density 
of  the  scaled  objects  was  left  the  same  as  the  full-size  packages. 

This  report  shows  pressure-time  histories  from  various  interior 
positions  of  the  model,  selected  prints  of  frames  from  the  high-speed 
photographs  (Fastex  at  about  3000  P?S) ,  calculations  of  average 
component  velocities  of  some  of  the  objects  placed  inside  the  model, 
and  post-shot  still  photographs  to  show  the  final  object  placement  after 
motion  has  stopped. 


II.  EXPERIMENTS 

Hie  results  from  the  two-dimensional  model  reported  in  BRL 
Memorandum  Report  No.  2118  indicated  strong  downward  directed  flows 
when  the  shock  waves  entered  overhead.  The  object  of  the  first  part  of 
the  present  experiments  was  to  measure  the  interior  pressures  which  were 
indicated  by  the  two-dimensional  results.  This  was  done  with  pressure 
probes  using  a  three-dimensional  model  with  a  stairway  as  the  entrance 
to  the  basement.  During  the  second  part  of  the  experiments ,  the 
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pressure  probes  were  removed  and  small  objects  were  placed  inside  the 
model.  High  speed  photography  was  then  used  to  observe  the  motion  of 
the  objects  as  the  shock  wave  entered  down  the  stairway. 

A.  Pressure  Measurements 

Hie  l/12th  scale  model  of  a  100  person  basement  shelter  which  was 
used  during  the  experiments  is  shown  in  Figures  1  and  2.  The  orienta¬ 
tion  to  the  shock  wave  is  as  shown  with  the  shock  wave  moving  down  the 
stairs.  The  transducer  locations  are  shown  in  Figure  2.  The  front  of 
the  pressure  probes  were  positioned  two  inches  above  the  floor,  facing 
toward  the  stairs,  and  at  the  positions  shown.  The  side-on  pressure 
transducers  were  mounted  two  inches  to  rear  of  positions  as  shown,  flush 
with  the  floor.  Positions  1  and  1-A  transducers  were  used  as  pressure 
monitors  from  shot  to  shot. 

Susquehanna  Instrument  Model  ST-2  transducers  were  used  in  both  the 
flush  positions  and  the  probes.  These  piezoelectric  transducers  were 
coupled  through  Kistler  Model  S66  charge  amplifiers  to  a  Bell  and 
Howell  tape  machine.  Model  VR-3300. 

B.  Photographic  Recording 

For  the  photographic  phase  the  pressure  transducers  were  removed 
except  for  one  transducer  to  monitor  the  pressure  ac  the  center  of  floor. 
Small  objects  were  made  to  l/12th  the  linear  scale  of  several  OCD 
Survival  Packages.  These  are  listed  in  Table  I  with  pertinent  informa¬ 
tion.  Pictures  were  taken  of  the  motion  of  three  of  the  nylon  cylinders 
exposed  to  input  shock  overpressures  of  5,  10  and  20  psi  at  several 
locations  inside  the  model.  Figure  3  shows  these  locations.  The  total 
number  of  objects  were  then  stacked  together  to  simulate  possible 
storage  positions  of  the  OCD  Survival  Packages.  Figure  4  shows  the 
stacking  and  positions  used. 

The  motion  of  the  objects  was  observed  through  a  window  in  the  end 
of  the  model  away  from  the  stairway.  A  16mm  Fastex  camera  operated  at 
about  3000  PPS  slowed  the  motion  sufficiently  for  observation.  Five 

500  watt  photoflood  lamps  (DXC)  placed  veiy  close  to  the  glass  windows 
gave  sufficient  light  to  record  on  either  Tri  X  or  on  Extachrooe  7242 
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Figure  2.  Gage  Positions  Model  40 


Table  I.  Model  OCD  Survival  Packages 
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Figure  it.  (Continued) 


color  film  if  the  developing  were  increased  for  the  color  film. 

Still  photographs  of  starting  positions  and  end  locations  are 
presented  in  the  Results  Section  along  with  prints  of  selected  frames 
from  the  16mm  films  to  illustrate  the  motion  of  the  small  scaled  objects. 

III.  RESULTS 

The  experimental  results  are  presented  as  pressure-time  records  in 
Appendix  B  and  as  selected  frames  from  the  high  speed  fi ms ,  shown  in 
Appendix  0. 

A.  Pres sure -Time  Records 

Table  A-I,  Part  A  (Appendix  A)  lists  information  pertinent  to  the 
pressure  transducers'  locations,  the  ambient  conditions,  and  descriptions 
of  the  observed  waveforms.  Figure  5  shows  pressure-time  records  obtained 
from  the  front  row  probe  positions  for  a  shock  wave  of  5  psi  outside  the 
model  entrance.  Pressure- time  records  from  other  positions  are  shown 
in  Appendix  B.  A  study  of  the  traces  show  several  characteristics. 

(1)  The  traces  from  positions  nearest  the  stairway  showed  large 
pressure  dips  between  3  and  5  milliseconds  with  the  largest  dips  recorded 
near  the  bottom  of  the  stairway.  These  dips  probably  indicate  the 
presence  of  low  pressure  vortices  from  the  stairwell  edges.  (2)  Some  of 
the  positions  (such  as  (1))  gave  traces  with  quite  large  pressure  peaks 
indicating  probably  reflections  of  the  shock  wave  from  the  walls  of  the 
basement  model.  (3)  Records  from  positions  near  the  center  of  the  floor 
showed  most  nearly  ideal  smooth  fill  records  indicating  a  lack  of  both 
vortices  and  reflections.  Figure  6  displays  the  results  of  the  BRL 
room  fill  predictions  with  experimental  data  observed  at  the  center  of 
the  floor.  There  is  a  slight  displacement  of  the  data  from  zero  time 
(entrance  of  shock  wave  onto  stairr*  due  to  the  arrival  time  of  the 
diffracted  shock  at  the  center  of  me  room.  An  entrance  choking  para¬ 
meter  and  a  plot  routine  (Figure  7)  have  been  added  to  the  program  as 
reported  in  BRL  Memo  Report  No.  1987,  June  1969.  The  sonic  fill  case 
also  has  been  included  (see  Figure  6-C  at  the  beginning  of  the  curve) 
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but  does  not  sees  to  better  the  predictions. 

B.  High  Speed  Photographs 

Table  A-I,  Parts  B  and  C  (Appendix  A)  list  the  results  of  the 
experiments  with  small  objects  placed  in  the  basement  model.  The  motion 
as  observed  by  the  high  speed  camera  is  listed  as  a  function  of  the  type 
of  stairway  (open  or  closed),  the  'position  in  the  model,  and  the  shock 
pressure,  P  ,  to  which  the  model  was  exposed.  Figure  8  illustrates  one 
case  of  this  motion.  Other  positions  tested  are  shown  in  Appendix  D. 
Post-shot  still  photographs  are  shown  in  Appendix  E  to  show  where  the 
test  objects  finally  ended  tip  on  the  model  basement  floor.  A  general 
clockwise  pattern  of  motion  about  the  room  was  observed  in  the  motion 
photographed.  The  details  and  magnitudes  are  summarized  in  Table  A-I. 
Ihese  are  pointed  out  in  the  Summary  and  Conclusion  Section. 

IV.  SUMMARY  AND  CONCLUSIONS 

The  experiments  reported  made  use  of  pressure  transducers  and  high 
speed  photography  to  measure  the  pressure-time  profiles  and  flow 
effects  at  various  locations  inside  a  l/12th  scale  model  of  a  100  person 
basement  shelter. 

The  pressure  transducers  recorded  three  major  wave  shapes  within 
the  model  during  loading  with  exterior  shock  waves.  (1)  A  low  pressure 
dip  was  recorded  at  positions  near  the  stairway  and  is  attributed  to  a 
vortex  sheet  extending  down  from  the  stairwell.  The  greatest  pressure 
dip,  or  lowest  pressure,  was  measured  near  the  widest  stair  opening 
which  is  at  the  foot  of  the  stairs.  (2)  A  generally  smooth  pressure 
filling  curve  was  observed  at  positions  near  the  center  area  of  the 
floor.  (3)  Multiple  pressure  peaks  were  observed  superimposed  on  the 
general  filling  curve  when  the  transducer  positions  were  near  walls. 
These  peaks  were  probably  the  result  of  internally  reflected  shock 
waves  from  the  various  interior  surfaces. 
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As  the  exterior  loading  shock  wave  was  increased  in  over  pressure  | 

from  5-20  psi,  the  low  pressure  vortex  effect  extended  greater  f 

distances  into  the  model,  away  from  the  stairway.  1 

* 

A  comparison  of  the  high  speed  pictures  of  the  motion  of  the  nylon  { 

•  | 

cylinders  for  the  case  of  the  open  stairway  indicated  the  following 

i 

things.  (1)  The  general  motion  of  all  the  cylinders  indicated  that  the 
air  flow  spilled  over  the  edge  of  the  stairway  and  gave  a  clockwise 
rotation  to  the  flow  (for  the  model -shock  wave  orientation  used). 

(2)  The  stronger  flows  existed  near  the  bottom  of  the  stairs  since  objects 

i 

placed  there  showed  the  greatest  motion.  (3)  Cross  the  floor  components  ! 

of  velocity  ranged  from  values  of  4  -  14  ft/sec  at  Row  1  for  initial  ! 

motion  (during  time  for  the  room  to  fill)  to  values  of  1  -  2  ft/sec  for 
long  term  velocities  which  occurred  well  after  the  room  filled.  ' 

(4)  Motion  appeared  less  at  positions  near  the  center  area  of  the  room.  j 

S 

The  package  cr staining  all  the  objects  moved  much  the  same  as  the 
single  cylinders  did.  The  following  observations  were  made.  (1)  The 

« 

left  front  comer  under  the  stairs  seemed  to  give  the  most  protection  -  j 

for  the  5  and  10  psi  loading.  (2)  All  positions  tested  at  the  20  psi 

loading  showed  motion  of  "pack'.'.  The  component  objects  were  blown  out  | 

of  the  "pack"  at  velocities  of  10  ft /sec  to  82  ft/sec,  for  the  lighter 

object  "E".  (3)  Initial  motion  of  the  '•pack"  occurred  within  the  room  ■ 

i 

filling  time.  I 

A  comparison  of  motions  of  the  cylinders  for  the  open  and  the  closed 
stairway  showed  about  the  same  kind  of  motion  for  each  case.  A  somewhat 
smaller  cross-room  component  of  velocity  was  measured  with  the  closed 
stairway  except  when  the  20  psi  shock  wave  was  used.  The  incoming  high 
speed  flow  was  apparently  expanded  in  area  enough  at  the  20  psi  loading 
to  include  the  right  end  cylinder  within  the  initial  flow.  The  direction 
of  motion  changed  from  toward  the  right  wall  to  a  new  direction, 
diagonally  toward  the  left  rear  of  the  basement  model.  The  long  texm 
motion  of  the  cylinders  seemed  about  the  same  for  the  open  and  closed 
stairways . 
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Work  now  in  progress  includes  the  addition  of  a  side  window  to  the 
present  basement  model  to  observe  lengthwise  motion  along  the  room.  A 
new  model  is  being  designed  to  simulate  a  1000  shelteree  size  basement 
shelter.  A  much  longer  shock  wave  will  be  used  to  load  the  new  model. 
This  should  help  to  predict  the  motion  of  the  objects  as  a  function  of 
the  exterior  shock  waveshape. 
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Table  A-l .  Summary  of  Shots  -  Model  40  (Continued) 
Photographic  Measurements  -  Stairway  Open  (continued) 
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Table  A-l .  Summary  of  Shots  -  Model  40  (Continued) 
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APPENDIX  B 


PRESSURE -TIME  RECORDS  -  MODEL  40 
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Figure  3-1.  (Continued) 
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Figure  B-l*»  (Continued) 
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O.C.O.  183 
POSITION  i 


Figure  B-6.  Comparison  of  Position  1  -  Ps  *  10p3i 
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Figure  E-7.  (Continued) 
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A**.*  i  **• « 1 ' 


USE  OF  APPENDIX  C 


Hie  computer  program  for  the  prediction  of  the  average  pressure- 
tine  fill  of  a  rooa  is  written  in  Fortran  IV  with  slight  aodification 
for  the  BPiu  computer.  The  plotting  routines  are  for  the  Calcoap 
Plotter.  See  ARDC  Tech.  Report  No.  6,  July  1970,  Aberdeen  Proving 
Ground,  Md.  21005. 

The  input  data  are  shown  at  the  end  of  the  prograa.  In  the  order 
listed,  they  are:  the  area  of  the  entrance  (square  feet)  to  the  rooa, 
the  voluae  of  the  rooa  (cubic  feet) ,  a  characteristic  tiae  (seconds) 
chosen  to  give  a  saooth  filling  curve,  for  exsaple,  about  equal  to 
(  05)  (Voluae/Area)/(Aabient  Sound  Velocity),  aabient  pressure  (psi) 
before  the  shock  wave  enters  the  rooa,  and  the  density  (slugs  per  cubic 
feet)  of  the  input  shock  wave. 

The  second  set  of  input  data  is  aade  up  of  tiae  (seconds)  and 
pressure  (psi)  points  froa  the  input  shock  wave. 

The  third  set  of  data  (after  the  negative  control  card)  is  time 
(seconds)  and  pressure  (psi)  points  from  the  experiaental  fill  curve 
that  is  being  compared.  A  negative  control  card  separates  sets  of 
data. 

The  aabient  density  in  the  room  before  the  shock  wave  enters  is 
given  on  Line  si  of  the  program  as  D3.  This  value  is  changed  as  needed 
for  new  conditions. 

Fill  curve  tables  are  printed  out  as  a  function  of  tiae  and  a  plot 
is  made  which  contains  the  input  wave,  the  predicted  fill  curve,  and 
the  experimental  data  points. 


■’8175  rOKT«A\  CHiMflER  j_  Ra!TY  -  COLTER  fcg  ?2 
L I  ST ( CARDS ) 

MAXT(  3)  “J\$ 

MAXO{  20005-  IN=S 

DIMENSION  XC5GO) ,Y(500>. Tx(500).P2(50C>.Tl(l5>»T2t ID) .73(10) 
Y  Y  i  5  fl  0  ) 

COMMON  B9(5n00) 

FORMAT  ( ~E  2 . 6  ) 

-CRMAT(=12.3,^E16.6) 

FORMAT(^Ox) 

FORMAK  <X.5h*,R£a1,9x.6hvO  UMF  .  12X.  4HT  ImE  »  HX ,  PHPRESSURF , 
Sx^HDE^Si  Yy  ) 

FORMAT <  *x.4MTm=,i0x,8HPREsstjRS,i0X.4-4nEAi3,l3x,2Hi)2, 

13X, 3riD3T ) 

FORMAT  {  <X  ,  7hSec3N->S  . 1SX , 3-PS?  , 10X , PMUE-S2/F4 , j ix , 3»rPS  , 

12X ,  3hP'<  I  5 

Sl=.7l4jafc 

G2=,285’li 

G3  =  7. 

RE AD ( 5 , • ) *2 . V  x , T ! ,P30i,ni 
XRIT=(6.3) 

WR ! TE { 6 , 4  5 

RRIt=(6.2)a2,  >/3, 7  ]  «^30a.d1 
«R ! Tr 1 6 . 3  > 

Wc- !  TE  ( 6 . 5  ! 

WRITE (6. 6) 
wR I T? ( 6 . 3 ) 

U\ 

T  --  Q 

P30=P30A*:4« , 

D3=, 002^3 
C3=P30 

j  =  C 

hEAD(5--*  )*T.*°.  A-9«C*“ 

IF(8t.(.t,0.0)  g3  tO  3q 
X  (I)=R- 
X( !*1)=a 
X ( I *2) =C 

Y ( I >  sRP 
Y(l*l)r9 

1  =  1*3 
GO  TO  2n. 

»as  1*1 

NN=N 

t  —  4 
i** 

DO  4G  X  =  1  •  N  -i 
YY5 ! }  =  Y{  ! ) 

Y( I )sY( : )«1«4.*s3P 

I  = !  *1 

TA=T*T1 

call  Dvdi"i,T(t,oa,x» y«nn,2i 

CALL  D  VI)IN,T  (  T  A  ,  =5  .  X  .  Y  .  v\‘.  2  ) 

Pl=(?A*=>8)/2, 

D1T=( (Pl/Y(ij )*»G1)»D1 
IF(P1.GT.p3)Gd  Tq  60 
P13=P1/P3 

Cm=3. 915-0. <4?4.P!3 

US2* ( G3®p3/D3 ) * ( 1 . ”p13*oG2  ) 


{ 

t 

i 

i 


l  60 

i 


I  90 
!  91 


i 

i 

* 

! 

I 

l 


\ 


31 


22 


i 

£ 

t 

I 

| 


l 

1 


21 

42 

43 

44 

45 


46 


UE«SQRT ( UE2 ) 

JE«CH*UE 

OE*JP13«*Gl)«o3 

RE«UE«DE*A2#T! 

R3r«D3«v3-rE 

03n*R3n/V3 

P3N«P3-fRE/V3)»(Uf-2/G3*Pl/0g} 

U2*-UE 
D2«0E 
GO  TO  70 
p3lsp3/ol 

CH*0.9l5»0,34i»4*P3l 
IE{P3i.LT.0-528)GnTD  90 

U22«<G3*Pl/DlT)#<i .-P3l**G2) 

GOTO  9i 

J2?*(0.833»31/01'')/  j1 

J2::SQRT(u22i 

J2=CW*U2 

D2=(P3l»*Gl)*0lT 

R2*U2*A?*D2»TI 

R3=D3*V3 

R32=R3/R2 

D3N*<R2*R3}/V3 

P3N=D3N»tU22/33*P3/02*P3*fi32/fl3)/(l  .*R32l 

T=T*TI 

P3NAs(f»3R-P30)/l44, 

PDT  =  02*'f2JU2/?83  • 

HR  I  TE(  6 . 2  )T.  P3Na,  03.\,u2.  Pf  T 

P3-P3N 

D3=D3N 

CALL  H0LD(T.°3^A,TX,P2» J) 

IF ( T , LT . X ( N ) )  GOTO  5o 

CALL  0UT(X,vY,tx,p2, JtN, 

GO  TG  in 

END 

SUBROUTINE  nVDi\-T{X,fx,XT,rT.KP,ND) 

DIMENSION  XT(1),Ft(1),T(16) 

N=N0 

Nl=<N-l>/2 

N2=N/2 

N3sNP-N?*l 

IF  t  NP-Ni 30 *  <1 • < 1 

N4=N1*2 

IF(XT(D-xTi2)  122,80. CO 

CONTINUv- 

IF{X-2.*XTC1)*XT(2) >20. 20 >21 
IF{X-2..XT{NPi*XT (N°-i) )42,*2,2q 
IF(X-<T{f<4>  145,43.43 
1F(N4“N 3 >44,45.44 
N4»N4*i 
GOTO  42 
N4*N4-1 
N53N4-N1 
DO46I sl • N 
T ( I ) *FT ( N5 ) 

N5=N5*1 

L*(N*l)/2 

TR=T(l) 

N6:N4 

N7*N4»1 


60 

61 

42 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

9? 

93 

93A 

nniN  94 
DO IN  95 
DDlN  96 
OOlN  97 
DO  In  98 
OOlN  99 
DO  I N  IOC 
DDl*J  Id 
OOlN  102 
00  IN  103 
DDlN  104 

ooin  io5 
ODIN  106 
OOlN  107 
DOS  N  108 
ODIN  109 
ODIN  110 
OOlN  111 
DOIN  U2 
ODIN  113 
nniN  U4 
ODIN  115 
DDIN  116 
OOlN  117 
DDlN  118 


66 


JU  =  1 
N2=N-1 
UNM.O 
D012J-1.N? 

S5  =  H4-H'- 

0091=1. \3 
N8=N5*J 

T{  I >stT( 1*1 ).T { j ) )  /  ( XT ( n8  5 -XT ( N5 )  ) 

9  n5  =  .*j5*1 

SOTOUO.il  ) .  J'J 

iC  Un-<Jn«<  <-XT<n6)  ) 

JU  =  2 
N6=N6-i 
SoTg  12 

11  UN=UN#{*~rT(N7) ) 

JU=1 
N7=n7*1 
L  =  L-1 

12  TRsT«*l‘v«TCL> 

rx  =  T« 

Return 

20  pRI^T5i),X.XT(t'.XT(\P) 

stop 

50  P0RMAT<’3h  aR-J,  not  table  *=  .F14.7.9B  Xt(1)=  , 

1  El4,7.1-)H  XT(N=>)=  ,  E*  4 . 7 . 6H  RplN> 

30  °R  I  NT5l  •  N3  •  yD 

51  FORMAT 1 22*  t*3LE  TO'  SMal  NPs  ,15,6M  ND=  .T5.6H  DD I M  > 

STOP 

60  IFlX-2,- xT{!)«.xT(2)  >61,20.20 

61  Ir  (X-»2.  oxT  {\p>*xT  (\P-1  >  ) 20,  72.72 

72  IFOxTcN*)  >73,  73. <5 

73  1F(N4~N3>  .’4.45.74 

74  N4=N4*i 
GOTO  72 

80  PRINT  55  «  XT  C 1 ; 

STOP 

52  Format constant  tab.e  xtu>  =  ,Ei4.7,6h  ddin) 

*  LIST 
END 

C 

*  COMPILE  DISC.  LABEL*'  Ail 
C 

SUBROUTINE  0UT(X, Y, t.p2, J.nn) 

D  i  MENS  I  ON  X(500  ).Y(500>*T  <  500 ) .  P2  (5  00  >  •  T1U0  > .  T2  ( 10  > .  T3  ( 10  > 
COMMON  BBtSnOO) 

NT  =  JS  J  =  0 

50  FORMAT! 'CHAMBER  F!L_  -  BRl».1*->) 

51  fORMAT! 'PRESSURE  -  3SI«,1H>> 

5c  formatutim=  -  second  * »  ih>  > 

CALL  PlTCCBUA.o,i,3e(l),BB(5o00)) 

EnCoDEUOO.^O.TI) 

EnC0DE(10Q»51»T2) 

ENCODE (100,52. T3; 

VNN=T(NN>$  v(NN>=0,0 

CALL  FIXSCA(Yd)  .NN.6.0,PS,PMIN,Pmax,PIn> 

r(NN)=VNN 

CALL  FIXSCAfT(-v)  ,NT,l2.0.TS.TviM,TMAX,TIN) 
cawl  PlTCCS(2- 0. 10. 0. Tm:n.PmIn.TS.pS» 

CALL  PLTCCD.'1.0,T(l),p2(l),NTt0,TMlN,7MAx,FM!N,PMAx) 


DDIn  119 
DDIN  120 
DDlN  121 
DDIN  122 
nn’N  123 
nniN  124 
DDIN  125 
DD In  126 
DDIN  127 
DDIN  128 
ODIN  129 
DDlN  130 
OD In  131 
DDIN  132 
DDlN  133 
DO IN  134 
DDIN  135 
DDIn  136 
DDlN  137 
DDlN  138 
DDIN  139 
DDI N  140 
DDIN  141 
DDIN  142 
DDlN  143 
DD I N  144 
DDlN  145 
DDIN  146 
DDIN  147 
DDlN  1*8 
DDIN  145 
DDIN  150 
DDIN  151 
DDIN  152 
DDIN  153 
DDIN  154 
ODIN  155 
DDIN  157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 
173* 

174 
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C/L*.  PLTCCA  t  Tf  S'pjii  TmIn^  TMAX°pr*  IW*  THAX'PM,N*PMAX5 
XT.THIN-tS.o.a*  yt*pA7(;*ps^  4PM,N'PHAX'®> 

p.!tisi«ii'J?ja  w •  ? — 

«i:;‘«  j  •  * . 

CALL  LABELA(Dx,PrN,TMtN.  fu*v  cu... 

CO  25  M*l» MTS  P2(m>  =  0  Oi  T(«)-n  N*  Max* 1 • 0 • l . 0 > 

!5  CONTINUE  J  *  T<M)-0.0 

00  30  1*1, no. 5 

^!!niM),:J2!TM;B2M*1,fT,N2,*p2(f*2>- 
300  FORMAT(10(F8.0>)  ' 

00  28  IKel,SS  jKaIK-1 
9  IF(  7(  l+JK  I  i  T  q  qjqjjTq  29 

8  CONTINUES  GnT0  30  °  9 

9  NT*I*jk-iS  gOTO  3i 
0  CONTINUE 
31  Ir(NT,EC.0)GOTo  4q 

CALL  PLYCCt\2*l,*f  i  >  '?>v  -t  * 
call  PLTrCP  **"  ’  '*•'"**'* '.Hin,  imax»^«1n,p«ax ) 

return 
end 

subroutine  43ld(t.p3Na,tx,p2,  , 

DIMENSION  TXi5oa).P2(500) 

J=J*lS  Tx(J)sTj  P2(J)=P3nA 

Returns  end 
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APPENDIX  D 

HIGH  SPEED  PHOTOGRAPHS  -  MODEL  40 
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SHOT  507 


Frame  Number  Time, Msec.  Frame  Number 


r 


192  61.#  336 

Figure  D-2.  Open  Stairway-  Cylinders  on  Row  1 


Figure  D-3«  Open  Stairway-Cylinders  on  Row  U  -  10.2psi 


SHOT  514 


Figure  3-5.  Open  Stairway-Pack  Left  Front  -  10.3osi 


SHOT  515 


Frame  Number  Time, Msec.  Frame  Number  Mjae,lteec. 


252  74.7  553  163.8 

Figure  D-6.  Open  Stairway-Pack  Left  Front  -  20.f>psi 
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SHOT  520 


Figure  D-3.  Open  Stairway-Pack  at  Rear  -  21psi 
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Figure  D-9.  Open  Stairway-Pack  at  Right  Rear 
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Figure  D-ll.  Closed  o v airway-Oylindera  on  Row  1  **  10.2psi 


SHOT  537 


Figure  D-12.  (Continued) 
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PRE-SHOT  521  ROW  I 

(C) 


SHOT  521  ROW  I  5.4  PS  1 

(C) 

Figure  E-l.  (Continued) 
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SHOT  514  POSITION  I  IQ.3  PSl 

(A) 


SHOT  515  POSITION  I  20.5  PSl 

IB) 

Figure  E-3.  Pack  i't&rted  in  Position  1 
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Figure  E-U.  Pack  Started  in  Position  2 


•»  \t  fnirtf  Ttnmwnaw'V^  ji  i^iiW8QfISWSrCSt?2?!!^3C5?^^55nrf!JSSS5S!l39SS5IS!ir5(3SS0C(®v> 


95 


V 


BALLISTIC  RESEARCH  LABORATORIES 


MEMORANDUM  REPORT  NO.  2208 


AUGUST  1972 


SUMMARY 
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ABERDEEN  PROVING  GROUND,  MARYLAND 


I,  INTRODUCTION 


The  results  are  presented  from  a  study  of  shock  wave  induced  flows 
in  the  interior  of  a  l/12th  scale  basement  model .  The  experiments  were 
designed  to  simulate  the  flows  and. loading  within  a  100  person  basement 
shelter  when  the  above  ground  floors  have  been  removed  by  the  incoming 
blast  wave. 


II.  EXPERIMENTS 

The  l/l2th  scale  basement  model  was  mounted  beneath  the  BRL  24  inch 
shock  tube.  The  shock  waves  of  input  pressures  5,  10  and  20  psi  were 
directed  down  the  connected  stairway,  into  the  interior.  Pressure  trans- 
ducets  were  mounted  in  the  floor  and  in  probes  mounted  two  inches  off  the 
floor  to  record  the  interior  pressures.  During  a  second  phase  of  the 
experiments,  the  probes  were  removed  and  small  objects  were  placed  inside 
the  model.  High  speed  photography  was  then  used  to  observe  the  motion 
of  objects  under  the  effect  of  the  internal  flows. 


III.  RESULTS  AND  CONCLUSIONS 

The  appendixes  of  the  report  contain  a  summary  of  the  shots,  pressure¬ 
time  records,  and  selected  frames  from  the  high  speed  films. 

The  following  major  pressure-time  records  were  recorded  within  the 
interior  of  the  model. 

A.  A  low  pressure  vortex  dip  near  the  stairway  was  observed. 

B.  A  generally  smooth  pressure  filling  curve  was  observed  near  the  center 
area  of  the  floor. 

C.  Multiple  pressure  peaks  were  observed  superimposed  on  the  general 
filling  curve  when  the  transducer  positions  were  near  walls. 

A  comparison  of  the  high  speed  pictures  shows  a  general  small  ob¬ 
ject  rotation  around  the  interior  in  a  clockwise  direction  (for  the 
model -shock  wave  orientation  used) .  Velocity  components  across  the  floor 
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ranged  fro®  values  of  4-14  ft/sec  initially  at  the  front  to  lower  values 
of  1-2  ft/sec  for  greater  tiaes  after  the  interior  was  filled  with 
pressure. 

Work  now  in  progress  include  the  addition  of  a  side  window  to  the 
present  aodel  to  observe  lengthwise  aotion  along  the  rooa.  A  new  model 
is  being  designed  to  siaulate  a  1000  shelter  size  basenent. 
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